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ABSTRACT

Acid mine drainage (AMD) may provide a key component to increased efficiency
in the treatment of municipal and feed-lot effluent streams. The addition of AMD to these
waste-water streams would adjust the pH and Oxidation-Reduction Potential (ORP) of
this effluent, resulting in a mixture optimized for an aggressive biological based
treatment system.

This presentation describes a 30,000 gallon Pilot Project of an algae based,
“rapid-flow wetlands’ system designed to use AMD for this effluent adjustment. The
presentation covers the theory, construction, operations, monitoring measurements, and
the preliminary findings.

The Pilot Project was designed to investigate the efficiency increases predicted
from; Using algae as an aggressive bio-mass, Adjusting effluent stream pH and ORP,
Adjusting effluent stream Carbon:Nitrogen:Phosphate ratios, and Increasing influent /
algae contact opportunity through rotational re-circulation

The Pilot Project was constructed from off-the-shelf components that may be
found in any well stocked home supply store. The design provides alow cogt, small foot-
print test environment that may be easily replicated. The Pilot Project occupies an area 60
by 40 feet and was built for less than $20,000, including instrumentation and lab-trailer.

Monitoring measurements are accomplished via electronic metering (for pH,
ORP, conductivity and temperature), photometry (for Nitrogen, Phosphate and Dissolved
Oxygen) and Ultra-Violet (254nm) Absorption (for Carbon).

For reasons of monitoring and control, the Pilot Project was designed to operate in
a batch, pumped mode. Design modifications will be presented that will allow this system
to operate in a continuous, gravity driven mode.

Funding was provided, in part, through a grant from the U.S. Bureau of
Reclamation, Science and Technologies Division. Location was provided the City of
Jerome, Arizona. This areais known for abundant mine tailings and AMD discharge; the
result of two centuries of extensive copper mining and 50 years of intensive copper
smelting.



ACRONYM LIST

C Carbon

C:N:P Carbon: Nitrogen: Phosphorous Ratio

DOC Dissolved Organic Carbon

Eh ORP / REDOX measured on adifferent scale
FPS Feet per Second

FT Foot

GPM Gallons Per Minute

IN Inch

N Nitrogen (NH3, NO2 and NO3)

NH3 Ammonia

NO2 Nitrite

NO3 Nitrate

ORP Oxidation / Reduction Potential

P Phosphorous / Phosphate (PO4)

pH Power of the concentration of Hydrogen lons (Acid / Base)
PO4 Inorganic soluble phosphorus

REDOX Oxidation / Reduction Reactions



OVERVIEW

Literature research on the prevailing biologically based wastewater treatment
systems, such as constructed wetlands, indicates that there are substantial efficiency gains
to be had by utilizing a more efficient nutrient removal process. A more efficient process
would be characterized as one that;

1. Usesabhiological process with a higher metabolism,
2. Increases water / biota contact probability, and
3. Adjustsinfluent constituents to the ratios most readily usable by the biology.

Increasing the efficiency of biologically based wastewater treatment systems would
reduce the amount of land required while increasing the amount of water that the system
could process. Thiswould result in alower cost-of-ownership for the owner / operator.

This Research Plan describes a Pilot Project that incorporates al of the
characterizations described above. This system uses a combination of:

1. High metabolism periphyton (algae) based organic systems,

2. A method for increasing water / biota contact, and

3. A method for adjusting influent C:N:P and ORP / pH ratios.

The Pilot Project is to be located in Jerome, Arizona and will be built employing
above ground construction utilizing readily available, low-cost materias
Should this Pilot Project be successful there are a number of transferable technology
components that may be used on similar projects of the same or larger scale. A
reasonable expectation is that these technologies could be used in:

1. Further Research

2. Waste Water Treatment

3. Feed Lot Effluent Treatment

4. Acid Mine Drainage Treatment

BACKGROUND

Periphyton (algae) based biological wastewater treatment systems are outside the
norms when compared to traditional constructed wetland. Traditional constructed
wetlands rely heavily on long term contact of the water with biological processes that
occur in and around large life forms such as cattails and bulrushes. This greatly restricts
the surface area contact of the water with the biota and hence constricts the efficiency of
the wetlands. Periphyton is comprised of large colonies of small life forms, many of
which are microscopic in nature. Thus the surface contact ratio in a periphyton based
biological systems are substantially higher than in atraditional constructed wetlands. This
can lower treatment costs and increase efficiency by lowering detention times and
increasing flows. Periphyton contact efficiency can be further enhanced by the use of
circular growth containers, known as Mesocosms. The Mesocosm design to be used in
the Pilot Project can best be described as a re-circulating basin where water velocity is
approximately 1 FPS. Thus these Mesocosms will more closely model a quick running
stream as opposed to a slow moving marshland. The use of quick running water
eliminates the mosquito issues associated with conventional constructed wetlands



The use and action of periphyton in influent nutrient and heavy-metal removal is
well documented [6, 7, 8, 9, 10, 11, 12]. In short, periphyton exhibits a prodigious ability
to remove these water constituents due to its high metabolism rate and short doubling
times. There have been a number of periphyton-based “commercial” systems made
available, but all of these systems have shortcomings that restrict their usage. Research
shows that periphyton grow, and hence remove nutrients, best in a high ORP, low pH
environment [1, 2]. In all cases studied, the ORP / pH of the native water (and hence the
influent) is substantionally skewed from the optimum growth area. Research also shows
that the ability of periphyton to remove nutrients is limited, to a large extent, by the
amount of available Carbon in the water. Further limitation is exerted by the ratio of
Carbon, Nitrogen and Phosphorus (C:N:P), with the most ideal ratio being defined by the
Redfield Ratio [13]. We believe that by modifying the influent pH, ORP and C:N:P
content to match the optimum growth range will improve the nutrient uptake and
therefore increase the efficiency of the process. The periphyton’s nutrient removal
process will reduce the ORP and C:N:P content of the water while raising the pH. Figure
1 (appendix) shows the relationship between ORP / pH and biological reactions.

OBJECTIVES

1. To study the effects of pH / ORP and C:N:P modified influent on periphyton
growth and nutrient uptake in respect to detention time.

2. To identify materials best suited for their ability to modify ORP / pH and C:N:P
ratios.

3. To study the effects of varied re-circulation rates across the periphyton on growth
and nutrient uptake.

4. To engineer systems and sub-component that facilitate the removal and handling
of wetlands by-products, such as organic debris, in a manner that maintains biota
growth at near optimal point.

DESIGN

COMPONENTS

The Pilot Project will contain the following sub-components:
0 A Holding Tank
0 A Mixing Tank
0 Aninitial Mesocosm (Mesocosm #1) for high ORP / low pH environment
0 A second Mesocosm (Mesocosm #2) for low ORP / high pH environment
0 Support Plumbing

Please refer to the Pilot Project Schematic in the appendix.



A Mesocosm is aterm that describes one type of microcosm that is primarily used
to test aguatic organisms inside of an enclosed system. Mesocosms are a model
ecosystem, which is used to miniaturize and replicate the real thing. Mesocosms are used
because they allow ecosystem replication and manipulation. The Mesocosm provides
sufficient area for observations, sampling, and housing of alarge variety and quantity of
species. Mesocosms also provide sufficient size as to model the real ecosystem.
Mesocosms can either use artificial or natural waters for studying.

DESIGN THEORY

The Holding Tank supplies system ballast. This tank needs to be as large as
possible in relation to the volume of the Mesocosms. The Mixing Tank alows for C:N:P
and ORP/pH modification. The identification of materials to provide this modification is
one of the objectives of the Pilot Project. Initial findings indicate that Acid Mine
Drainage may be a highly suitable material for ORP and pH adjustment. The design of
the Mixing Tank must allow for sufficient flexibility in material addition and
modification. It is possible that waters may be found that are problematic in only one
constituent such as N. In this case the scope of the influent adjustment must also insure
that water constituents such as C, N and P are in a balance that is usable by the biological
environment (Redfield Ratio). It was decided that a partitioned tank would allow for the
maximum flexibility. The partition will form a“clean” and a “mix” section separated by
an underflow baffle. The “mix” side will be filled with material selected to accomplish
the ORP, pH, C:N:P modification.

The Mesocosms provide the growing environment for the periphyton. Research
indicates that nutrient uptake will be facilitated by separating the two basic biological
processes. the high metabolism, high ORP / low pH environment most suited to NO3, P
and Heavy Meta removal; and the low metabolism, low ORP / high pH environment
most suited to Nitrification / Denitrification. The high ORP / low pH environment is
usually found in quick-running stream structures and the low ORP / high pH environment
is usualy found in pond like structures. Because of this a two Mesocosm system was
selected. The Mesocosms will be formed as circular tanks. The first Mesocosm
(Mesocosm #1) will be designed to resemble a small, fast flowing stream. This will be
accomplished by building an idand in the center of the Mesocosm. The second
Mesocosm (Mesocosm #2) will be designed to resemble a small lake bottom. The
metabolic process of periphyton lowers OPR and raises pH. Thus the biological process
in Mesocosm #1 prepares the water for Mesocosm #2.

The Support Plumbing provides all the pumps and pipes necessary to circulate
and re-circulate water as needed within the Pilot Project. The Support Plumbing must
provide the following functionality:

1. It must provide the initia System Flow.

2. It must provide Mesocosm #1 re-circulation.



SYSTEM FLOW

System Flow is defined as the basic flow through the system. System Flow
represents the “new” water being added to the process. Thus System Flow to a great
extent defines detention time. The targeted upper limit to System Flow is 55 gpm. It is
desired that flow from tank to tank be gravity driven. Therefore the hydraulic connections
between the Holding, Mixing, and Mesocosm Tanks will be formed using a series of
“stair-step” weirs between these tanks to allow for flow based on an elevated water level
in the upstream tank. System Flow is initiated by pumping water from the last Mesocosm
(Mesocosm #2) to the Holding Tank. This will provide the initial elevation necessary to
flow water through the Pilot Project. There is an additional requirement that there be a
great deal of flexibility in the direction of the flow pumped from the final Mesocosm. For
this reason a valve manifold will be required such that this flow can be directed, in
proportion, to any of the tanks within the Pilot Project. The System Pump will be a
constant speed pump. To alow for System Flow to be reduced below the 55 gpm
provided by the System Pump, pipe and valves would be needed to feed a portion of the
pump output back into the input of the pump. Additionaly there is the requirement that
the piping support a backwash operation.

MESOCOSM #1 RE-CIRCULATION FLOW

Mesocosm #1 re-circulation flow will be accomplished by pumping water from
Mesocosm #1 back into the Mesocosm through a set of 4 hydro-jets spaced equidistant
around the bottom of the flow channel. As with the System pump, the Mesocosm #1 re-
circulation pump is a constant speed pump. Therefore it will require the same flow
reduction valves described in the System Flow section. This pump will also support back
flush.

VARIABLES

Management of system variables will be key to the success of the Pilot Project.
The following are the identified variables and what may be done to influence them:

ORP/pH - proportional adjustment of System Flow

C:N:P - proportional adjustment of System Flow

M1 Recirculation - proportional adjustment of recirculation at pump
M1 Detention - proportional adjustment of System Flow

M2 Detention - proportional adjustment of recirculation to M2
Periphyton Density - harvesting

MESOCOSM DESIGN

The size of the Mesocosms was dictated be the area available to the Pilot Project.
This areais approximately 60 X 40 feet. This alows the use of 30 ft pools as Mesocosms.



Mesocosm #1 will be a 30 ft pool with a 15 ft. island in the center. The island is to be
built using used tires and aggregate filled. This results in a 7.5 ft. circular flume with a
mean diameter of 11.25 ft and a circumference of (apx) 35 ft. This flume will be filled
with .5 ft aggregate and 2.5 ft. water. Discounting the water in the aggregate, this channel
holds (apx) 7,900 gal. The current targeted System Flow is 55 gpm. This gives a basic
detention time of (apx) 142 minutes. The targeted recirculation is 1 FPS, which resultsin
a rotational period of (apx) 35 seconds, or (apx) .6 minutes (for mean circumference).
Correlating the rotational period with the detention time gives (apx) 237 rotations per
detention period. The combination of detention period and recirculation results in the
equivalent of a “river” 8,295 ft. or 1.6 miles in length. This circular flume will be
populated with the epiphyton (plant) forms of periphyton. Epiphyton resemble seaweed
and long grasses. The re-circulating water will flow through this periphyton mass. The
ratio of periphyton mass to water volume is unknown at this time. As the periphyton mass
will reduce the water volume, the final straight-flume equivalent will be somewhat less
than the idealized numbers.

The first Mesocosm (Mesocosm #1) will contain a high ORP / low pH
environment most conducive to epiphyton (plant) type growth. It is expected that much of
the P removal will occur in Mesocosm #1, as well as substantial heavy-metal removal.

The diameter of the Mesocosm #2 will be the same as that of Mesocosm #1.
However, the contour of Mesocosm #2 will be quite different than that of Mesocosm #1.
Where Mesocosm #1 took the form of a stream like flume, Mesocosm #2 will be more
pond like in nature. The pond like structure is required because the periphyton mass in
Mesocosm #2 will be of the epilithon (rock) and epilelon (mud) forms. These are low
metabolism life forms. The bottom of Mesocosm #2 will be concave in shape and built of
aggregate material. The aggregate material will provide ample surface area for the
periphyton to colonize. This results in a detention volume of (apx) 8,908 gallons in
Mesocosm #2. System Water flow within Mesocosm #2 will be drawn through the
aggregate by the System Pump insuring maximum contact with the biota. Additionally
there will be provisions within the System Pump and Piping to re-circulate water back to
Mesocosm #2 to increase detention time.

The second Mesocosm (Mesocosm #2) will contain a low ORP / high pH
environment most conductive to epipelon (mud) type growth. It is expected that much of
the Nitrification / Denitrification process will occur in Mesocosm #2. While the
Nitrification / Denitrification process is normally described as an anaerobic (absence of
Oxygen) process, thisis not 100% descriptive of the required environment. A better term
would be anoxic (low Oxygen). This anoxic environment is established at an ORP level
of 200 or less[1].

Because of the re-circulating nature of the water in the Mesocosms, there should
be an inherent efficiency over linear flows due to the constant rate of the re-circulating
flow within the Mesocosm versus the varied rate of linear flow in non-pressurized
channels. Additionally are-circulating flow has the advantages of longer contact time and
greater contact probability with the periphyton. In linear flow systems the constituents are
substantialy higher at the beginning of the flow, with periphyton population falling off as
flow progresses through the linear system. To accomplish the re-circulation, the Pilot
Project will include pumps in order add velocity to the re-circulating flows. This is
necessary due to the small gravity gradient of the Pilot Project. In projects where a larger



gravity gradient exists, it may be possible to accomplish this re-circulation through flow
channeling.

CONSTRUCTION

In general, the Pilot Project will closely resemble a collection of “ Above Ground”
swimming pools. The Pilot Project will be built above ground. The Pilot Project will be
constructed in a manner that meets or exceeds those materials and methods used in
commercia “Above Ground” swimming pools. The walls of the tanks will be fabricated
by riveting 4 x 10 ft sheets of 26 gauge sheet metal to form the exterior wall. A 6in.
“cove wall” will be formed at the base of the wall. The tanks and Mesocosms will be
double lined with 20 mil PV C liner due to nature of the water they contain. The top and
bottom of the walls will be fitted with channel rails to increase rigidly. All tanks will
alow for 1 ft of head space above nomina water levels. All tanks will be fitted with
over-level floats for pump shutdown. The Holding, Mixing, Mesocosm #1, and
Mesocosm #2 tanks will be connected by weirs formed from key-stone cuts made in the
sheet-metal to form the stair-step weirs. These cuts will be riveted together and made
watertight. The stair-step increment is to be 1 in. Thus the nominal water level of
Mesocosm #2 is three (3) inches below the nominal water level of the Holding Tank.

TANKSAND MESOCOSMS

The Holding and Mixing Tanks will be lumber framed and will be covered. The
lumber framing will support the walls of these tanks and the cover. The cover will reduce
evaporation from these tanks.

The Mixing Tank will be constructed in two sections, separated by an underflow
baffle. The baffle will separate the Mixing Tank into two segments; a “clean” segment
and a “mixing” segment. Four lengths of 4 in perforated pipe will run from the
underflow baffle across the bottom of the “mix” side of this tank. Water elevation
differential between the “clean” and “mix” side of the underflow baffle will cause the
water to flow up through and come in contact with the material in the Mixing Tank.

The Mesocosms walls will be supported by 16 pieces of % in rebar equaly
spaced around the circumference of the Mesocosms and set 1 ft in the ground. This rebar
will be attached to the sheet metal wall. The island in Mesocosm #1 will be formed from
used tires and filled with aggregate. A 2 in perforated pipe will be embedded in the island
to provide input to the re-circulation pump. Perforated pipe will be embedded in the
aggregate bed of Mesocosm #2 to provide input to the System Pump.

The Mesocosms will be filled with aggregate to form the flow channels and
provide a substrate upon which the periphyton will grow. Once the Mesocosms have been
built and the aggregate installed, flow studies will be performed that will identify areas
where the flow is problematic. Aggregate will be moved as necessary to insure that inter
and intraMesocosm flows are behaving in a desired manner. Once the flow observations
and corrections have been performed the Mesocosms will be populated with the initial
periphyton colony.

The initial periphyton population will be undifferentiated as to species. It is
expected that as the periphyton colony in Mesocosm #1 becomes established it will adjust



the ORP and pH of the water flowing into Mesocosm #2. This in turn will cause the
periphyton colony in Mesocosm #2 to become predominated by species adapted to that
environment. Thus as the Pilot Project runs the periphyton colonies in the two
Mesocosms will become more and more differentiated until only those species most
suited for these two environments will predominate.

PUMPS AND PIPES

System Plumbing is comprised of two (2) pumping and plumbing sub-systems.
The sub-systems are:

System Pump and Pipe

Recirculation Pump and Pipe

The action of the System Pump and Pipe will be to draw water from Mesocosm
#2, which will be the basis of system flow. Influent to the System Pump will be from a
field of perforated pipe buried within the aggregate in Mesocosm #2. Effluent from the
System Pump will be primarily directed to the Holding Tank, however there will be
valving to alow the effluent of the System pump to be directed to the Mixing Tank,
Mesocosm #1 and / or Mesocosm #2 in a flow proportional mode. This will allow for
fine-tuning system flow rates, and thus detention times. Additionally, the valving will
allow for back flushing the perforated pipe.

The action of the Recirculation Pump and Pipe will be to draw water from
Mesocosm #1 and reintroduce that water viajets into the Flow Channel area of
Mesocosm #1. Influent to the Recirculation pump will be from a perforated pipe buried
within the island of Mesocosm #1. Effluent from the Recirculation Pump will be
primarily to the Recirculation Jets within Mesocosm #1, however there will be valving to
allow effluent of the Recirculation Pump to be returned to the influent side of the
Recirculation Pump to allow for recirculation rate adjustment. Additionally, the valving
will alow for back flushing the perforated pipe.

All pipesin the Pilot Project will be 2 in, schedule 40 PVC.
All pumps used in the Pilot Project will be off-the-shelf swimming pool pumps rated at
55 GPM.

METHODOLGY

OPERATIONS

Drawing #1 illustrates the process flow of the Pilot Project.

Mixing Holding

Mesocosm #1 Mesocosm #2

Drawing #1



System Water is held in the Holding Tank. System Water will be pumped from
Mesocosm #2 back to the Holding Tank, creating the basic system flow.

System Water gravity flows over a weir into the Mixing Tank based on an
increased water level in the Holding Tank.

System Water flows up through the adjustment material in the Mixing Tank based
on water level equalization between areas separated by the under-flow baffle.
System Water gravity flows into the first Mesocosm over a weir based on
increased water level in the Mixing Tank. System Water re-circulates within the
Mesocosm at a velocity of approximately 1 FPS, and is acted upon by the first
colony of periphyton. The detention time in the first Mesocosm is dictated by the
System Water flow rates and size of the Mesocosm. Detention time will be
modified to insure that effluent from the Mesocosm shows an appropriate
elevation in pH with a corresponding decrease in ORP.

System Water gravity flows into the second Mesocosm, over a weir based on
increased water level in Mesocosm #1. System Water circulates and is drawn
down through arock bed by the action of the System Pump. Within the rock bed,
the System Water is acted upon as in the first Mesocosm. The periphyton in the
second Mesocosm will be of a different species set than that of the first
Mesocosm. The species set of the second Mesocosm will be those more suited to
the lower ORP and higher pH environment found there.

ACTIONS

Much of the controlling actions that can be placed on the Pilot Project will be

done by valve position modification on the System Pump Valve Manifold. The following
diagrams show three of the many valve position setting.

Pressure

@

12Al

Earward 7\ ) Mesocosm #2 - backwash draw

g ) ﬁ N Mesocosm #2 - Perforated Pipe

Backwash / Recycle

9SI9N9Y

The first configuration shows a “normal” operations mode. In this configuration

the System Pump input valve selection is to the perforated pipe in the Mesocosm #2
aggregate bed. The Backwash / Recycle valve selection in the 100% Forward position.
The Holding Tank valve is 100% open. In this configuration the System Flow is as
specified in the Operations section, above.
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In the second configuration, we see the valve position settings for a backwash
operation. In this configuration the System Pump input valve selection is to the backwash
draw located outside the aggregate bed. The Backwash / Recycle valve selection isin the
100% Reverse position.

Pressure
Eorward ? ) \ fj\ Mesocosm #2 - backwash draw
Py < >
é é} 2 ; < ~ Mesocosm #2 - Perforated Pipe
D
L »
1L F @
d 3 .
G Backwash / Recycle

In the third configuration, we see one of the many operating modes supported by
this valve layout. In this configuration the System Pump input valve selection is to the
perforated pipe in the Mesocosm #2 aggregate bed. The Backwash / Recycle valve
selection is set to 50% Recycle. This reduces flow to about 27 GPM. The Holding Tank
and the Mesocosm #2 Recycle valves are set to 50%. This directs about 14 GPM back to
Mesocosm #2 (increasing detention time) and 14 GPM being sent to the Holding Tank. In
configurations such as these specia attention is made to the pump pressure to insure that
it is under 10 psi. Pump and valve configuration changes will be noted on the Data
Logging Form, figure 2, appendix.

MONITORING PROGRAM

The Pilot Project requires a significant monitoring process. During the operation
of the Pilot Project, the following water constituents will be monitored,;

What via

1. Nitrogen (NH3, NO2, NO3) Photometry
2. Phosphorous (PO4) Photometry
3. Dissolved Oxygen (DO) Photometry
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4. Oxidation — Reduction Potential (ORP) Meter

5. Acidity — Alkalinity (pH) Meter

6. Temperature (Temp) Meter

7. Conductivity (uS) Meter

8. Carbon (C) 254nm UVAS
Where

1. Influent to Holding Tank
2. Influent to Mixing Tank

3. Influent to Mesocosm #1
4. Influent to Mesocosm #2

All constituents will be reported in standard units of measure [3]. All constituents will be
sampled for al tank input points.

All measurements will be taken daily at the solar noon, rounded to the nearest 10
minutes. All measurements and valve modification will be recorded on the form shown as
Figure 2 (appendix).

INSTRUMENTATION

ORP, pH, Temperature and Conductivity measurements will be taken using an
Enviroequip WPS80 or equivalent [4]. Organic Carbon will be measured using a Beckman
UV 254nm Absorption Spectrometer, or equivalent [14]. All other measurements will be
taken using an Orbeco Analytical Systems, Inc Model 975 MP or equivalent [5].

It is hoped that as the Pilot Project progresses, that over time the instrumentation
can be augmented to include automatic sampling and data logging. It is anticipated that
the cost would greatly increase, but also greatly enhance the ability for trend analysis.

DATA MANAGEMENT/PUBLISHING

Data gathered on the sample forms will be screened for outlier data and input to a
Microsoft Access Database. Data will be correlated to detention time, summarized
weekly and uploaded to an Internet site. A final status report will be published at the
conclusion of the Pilot Project. One of the goals of the final status report will focus on
what worked, what did not work and how best to implement the lessons learned. The
status report will be published in conjunction with the Town of Jerome and U.S. Bureau
of Reclamation.
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Material
Liners
Liner (20 mil)
Liner (20 mil)

Fabrication Materials
Sheetmetal
Steel Rebar
Lumnber - plywaod
Lurmnber - #2

Apgregates

1"- 3" Local Rock (50/50)

PARTSLIST PRICES

Size

30" Round {20 mil)
12" % 28" Oval (20 mil)

26 ga - pre-fab 3 110
172 inch #4 20

8 x 10 x 3/4 cdx
2xdx10

5 - .75 Salr River Rock (50/50)

Bedding Sand

‘Wire, Pumps, Pipe, Connectars and Valves

pumpsS

10-10KNH1 (2 hip)

ozone generator Model 07500
Wire 12/3 DB
Electric boxes 4 circuit
EMT
Fipe - sch 40 2inch ¥ 20'
Fipe fittings - barrel - 90 - T 2 inch
Fipe -perph 4 inch X 10'
Yavles 3-port 2 inch
Fence 793 A0

Lab

Orbeco Analytical Systems Model 975 MP
uv 264 Spectrophotometer unk

ORP f pH meter
Lab trailer
Misc lab supplies

Misc

Misc screws and fasthers

Tool Rental

Tatal

CRPH-7
unk

Quantity | Units | Unit Cost

4 g3
4 83

¥ea
40 ea
B0 sheets
80 ea

24 tong
48 tong
a8 tons

3 ea
1 ea
1000 ft
1/ea
100 ft
250 ea
120 ea
£ ea
10/ea
250

13

§289.00
§159.00

§25.08
§3.29
§25.99
§4.05

§12.50
§28.3
§7.00

$499.99
$329.00
$0.23
$30.86
§0.17
§10.80
§1.50
$5.90
§26.00
§a.80

§1,000.00
§1,700.00

$500.00
$1,300.00

Extended

Cost

$1,156.00
§636.00

$902.00
§131.60
§1,555.40
§324.00

§300.00
$1,.360.80
§56.00

149997
$329.00
$230.00

$30.86
§17.00
$2,700.00
§180.00
$35.40
§260.00
$950.00

§1,000.00
§1,700.00
$500.00
§1,300.00
§400.00

$500.00
$350.00

Shipping Tay

§14.00
§14.00

$104.04
a7

.26
§11.84
}4035
$29.18

§150.00
$300.00
§50.00

§27.00
naa4
.04

$64.00  $135.00
§29.61
§20.70

§2.78

§1.53
$243.00
§16.20

$3.19
§23.40
$ao.50

$30.00
}153.00
$45.00
§117.00
$36.00

$54.00
§31.40

$592.000  §1BBSED

Sub-Total

$1.274.04
§707.24

§o04.14
$143.44
§1699.75
§353.18

§477.00
$1.783.27
§111.04

§1,898.57
$350.61
$280.70

$33.66
§18.53

§2,943.00

§196.20
$38.59
20340
§1,035.50

§1,090.00
§1,853.00
$545.00
§1.417.00
§436.00

$654.00
§351.50

§20,766.73

Sub-Tatals

§1.981.28

§3,150.49

52,3713

§6,857.15

§5,341.00

§1,035.50
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Appendix A. Figures and Data Sheets
Sequence of Redox Reactions

1400

1200-

300+

600- 0/H0 Aerobic Bacteria
LIFE SUSTAINING
MnOy/Mn ORP RANGE

NO3/N; Psevdomonas

H;0
200

Fe*Fe** Gallionella

MICRO-ORGANISM

-R00-

= 1040+

Figure 1 - ORP (eh) v. pH and biological reaction zones
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Date:

Solar Noon

Weather

Influent to Holding Tank

NH3 NO2 NO3

PO4 DO

ORP pH Temp

uS C
Influent to Mixing Tank

NH3 NO2 NO3

PO4 DO

ORP pH Temp

uS C
Influent to Mesocosm #1

NH3 NO2 NO3

PO4 DO

ORP pH Temp

uS C
Influent to Mesocosm #2

NH3 NO2 NO3

PO4 DO

ORP pH Temp

uS C
Notes:

Figure 2 - Sample Data L ogging Form
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Figure 3 - Pilot Project Diagram
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